Summary: A group of guinea pigs was rendered hypothyroid using propylthiouracil solution in their drinking water. The animals were hypothyroid for at least 120 days. During this time no change was noted in their hearing thresholds for highfrequency clicks. The audiometric evaluation was performed using brainstem evoked response audiometry.
Introduction
For many years there has been controversy and discussion about whether or not acquired hypothyroidism causes deafness in either humans or experimental animals. The literature on this subject is inconclusive in both the experimental studies and the numerous case reports. In an attempt to resolve some of the questions pertaining to this subject, experimental work was undertaken to assess the effect of acquired hypothyroidism on hearing in mature albino guinea pigs.
Materials and methods
Twenty-five adult Hartley guinea pigs were used for the study. Five of these were control animals, and the remaining 20 were rendered hypothyroid by the administration of 0.1% propylthiouracil to the drinking water. This dose has been shown by Astwood & Bissell (1944) to be effective in inhibiting thyroid hormone production. Each animal weighed about 250 g at the start of the experiment. Sample animals in each group had blood taken for T4 estimation by radioimmunoassay; blood was taken via a cardiac puncture, the procedure being performed on random animals at monthly intervals.
Audiometric evaluation was by means of brainstem evoked response to high-tone clicks. Each animal had an electrode permanently inserted onto the dura at the lambda point on the skull and also a head screw to secure the head during recording. These two were held in position by four retaining screws and fast-curing acrylic.
A Nicolet Med 80 computer was used. The stimulus was a high-frequency click with a frequency spectrum of 9.697 kHz to 20.381 kHz and was delivered via an exponential speaker at the external auditory meatus. The clicks, of 0.1 msec duration, were delivered at the rate of 1000 per minute. A run of 1000 clicks was used for each recording ( Figure I) .
During audiometry the animals were housed in a sound-proofed chamber and were anaesthetized with an intramuscular injection of 0.15 ml ketamine mixed with 0.15 ml xylazine. Large variations in the doses of the drugs were found not to affect the brainstem responses.
All animals in both groups had baseline brainstern audiometry performed at the start of the experiment and then at monthly intervals during the 150 days of propylthiouracil administration. Wave III was the most easily identifiable wave around threshold and this was used in this study to plot growth functions of decibels (dB) in sound pressure level (SPL) 3) . Their growth functions were plotted at five dB intervals, and the value in decibels for zero microvolts amplitude was taken to be the threshold of hearing for the frequencies incorporated in the click (Figure 4) .
Results
During the course of the experiment 8 animals in the experimental group died, 5 from intercurrent infection, one as a result of the anaesthetic, and 2 from unknown causes. T 4 was estimated using radioimmunoassay. In the control group the mean T 4 was 1.73 Jlg/dl (s.d. 0.96). In the experimental group the mean T4 was initially 1.8 Jlg/dl (s.d. 0.61) and dropped after four weeks to 0.5 Jlg/dl (s.d. = 0), this level being maintained for the remaining 120 days of the experiment. The experimental animals were therefore hypothyroid throughout this period.
Evoked response audiometry demonstrated a large variation in the audiograms of only 2 animals before and after propylthiouracil administration. The other animals showed little or no hearing change. Only one animal in the control group showed a hearing loss of more than 10 dB. The results were analysed using Student's t test. Neither group showed a significant change from the initial to the final audiograms (Table 1) .
Discussion
In 1888 the Clinical Society of London described deafness in 32 out of 60 myxoedematous patients. This was apparently the first attempt at evaluation of the effect of the hypothyroid state on hearing in mature subjects. Since that time, there have been a number of clinical reports describing some degree of hearing loss in acquired hypothyroidism (e.g. Means et al. 1963 , Nickel & Frame 1958 , De Vos 1963 , V'ant Hoff & Stewart 1979 . However, Post (1964) and Schuknecht (1974) both concluded that there was little evidence to suggest a causal relationship between myxoedema and deafness.
One of the problems in reviewing patients with acquired hypothyroidism is that they are usually in an older age group and therefore more likely to have acquired other forms of sensorineural hearing loss, such as presbycusis. All the patients tested in the above reports were evaluated using subjective methods. McMahon (1947) suggested that myxoedematous patients may not be able to perform subjective types of tests adequately because of 'slow mentation'. Kemp (1907) , King (1907 ), Hilger (1956 and Howarth & Lloyd (1956) showed improvement in hearing in myxoedematous subjects on administration of thyroxine, but Moehlig (1927) and De Vos (1963) were unable to confirm this.
The evidence regarding hearing loss in the experimental animal is equally confused. Meyerhoff (1979) showed some hearing loss using evoked response audiometry in guinea pigs, and Kohonen et al. (1971) showed reduced cochlear microphonics in hypothyroid guinea pigs. However, Ritter (1967) failed to show a hearing loss in all but one of a group of 166 rats which could not be accounted for by otitis media. Withers (1972) , using 4 conditioned cats, showed a hearing loss at 8 kHz but not at any other frequency.
In the present study, the hearing in a group of 12 hypothyroid guinea pigs was monitored at monthly intervals for a period of 120 days. There was no significant difference between the experimental and the control groups in high. frequency hearing. The results obtained, therefore, do not support the thesis that hypothyroidism alters hearing thresholds. Whilst in most experiments the 100-day hypothyroid period has been used, it may be that in certain animals only a longer period of hypothyroidism will produce a sensorineural deafness. Further study of this subject in the human could be undertaken using and comparing thresholds obtained from both objective and subjective forms of testing in hypothyroid patients.
